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,QWURGXFWLRQ
7KH &ORXG 0DQXIDFWXULQJ SDUDGLJP LV RQH RI WKH PRVW
LQQRYDWLYH .H\ (QDEOLQJ 7HFKQRORJLHV .(7V IRU PRGHUQ
PDQXIDFWXULQJLQGXVWU\DQGLVFODLPLQJLQFUHDVLQJDWWHQWLRQLQ
PDQXIDFWXULQJ UHVHDUFK >@&ORXG WHFKQRORJLHV SURYLGH DQ
HQYLURQPHQW WR FRQQHFW DQG VKDUH GLVWULEXWHG PDQXIDFWXULQJ
UHVRXUFHVLQFOXGLQJNQRZOHGJHFRPSXWLQJDQGVRIWZDUHWRROV
DV ZHOO DV SK\VLFDO UHVRXUFHV YLD WKH ,QWHUQHW QHWZRUNLQJ
LQIUDVWUXFWXUH DQG FDQ EH HPSOR\HG IRU D ZLGH UDQJH RI
PDQXIDFWXULQJDSSOLFDWLRQVVXFKDVSURFHVVSODQQLQJPDFKLQH
WRROPRQLWRULQJSURFHVVPRQLWRULQJDQGFRQWURO>@
,QWKLVSDSHUDFORXGPDQXIDFWXULQJIUDPHZRUNLVGHYHORSHG
WRUHDOL]HRQOLQHVPDUWSURFHVVPRQLWRULQJLQWKHPDFKLQLQJRI
GLIILFXOWWRPDFKLQH PDWHULDOV 7KH IUDPHZRUN LV FRQILJXUHG
ZLWKSDUWLFXODUUHIHUHQFHWRWRROFRQGLWLRQPRQLWRULQJZKLFKLV
DFULWLFDOLVVXHZKHQFXWWLQJORZPDFKLQDELOLW\PDWHULDOVGXHWR
WKH UDSLG GHYHORSPHQW RI WRRO ZHDU DQG WKH XQSUHGLFWDEOH
RFFXUUHQFHRIFDWDVWURSKLFWRROIDLOXUH>@
7KH GHYHORSPHQW RI VPDUW PRQLWRULQJ SURFHGXUHV FDQ
VLJQLILFDQWO\ LQFUHDVH SURGXFWLYLW\ DQG UHGXFH WRRO FRVWV
RSWLPL]LQJ WRRO OLIH E\ LPSOHPHQWLQJ FRQGLWLRQEDVHG WRRO
UHSODFHPHQWVWUDWHJLHVLHE\UHSODFLQJWRROVRQO\ZKHQWKH\
DUHFORVHWRHQGRIOLIHLQVWHDGRIFRQVHUYDWLYHWLPHEDVHGWRRO
UHSODFHPHQW VWUDWHJLHV LQ ZKLFK WKH WRRO LV UHSODFHG DIWHU D
SUHGHWHUPLQHGWLPHLQGHSHQGHQWO\RILWVUHDOZHDUFRQGLWLRQV
DQGWKH\FDQKHOSUHGXFHPDFKLQHDQGZRUNSLHFHGDPDJHULVN
E\DOORZLQJIDVWUHDFWLRQZKHQDWRROEUHDNDJHRFFXUV
7KLV ZRXOG DOORZ WR HQKDQFH WKH SHUIRUPDQFH RI
PDQXIDFWXULQJ SURFHVVHV LQ WKH SHUVSHFWLYH RI ]HUR GHIHFW
PDQXIDFWXULQJ DQG WR VXSSRUW WKH UHOLDEOH DXWRPDWLRQ RI
PDQXIDFWXULQJV\VWHPVYLDVPDUWV\VWHPDGDSWDWLRQ>@
7KH LPSOHPHQWDWLRQ RI D FORXGPDQXIDFWXULQJ IUDPHZRUN
UHSUHVHQWVDUHPDUNDEOHDGYDQFHPHQWIRUVPDUWPRQLWRULQJRI
PDFKLQLQJDOORZLQJWRH[SORLWWKHFORXGFDSDELOLWLHVLQRUGHU
WRRIIHUUHDO WLPHGLDJQRVLVRQWRROFRQGLWLRQVDFFRUGLQJWRD
VHUYLFHRULHQWHGDSSURDFK,QWURGXFLQJVHQVRUVDQGQHWZRUNHG
FRPPXQLFDWLRQ LQWR WKH IDFWRU\ VWURQJO\ VXSSRUWV VPDUW LQ
SURFHVVGLDJQRVLVDVZHOODVWKHWLPHO\DFWLYDWLRQRIDGDSWLYH
DFWLRQVEDVHGRQDFWXDOSURFHVVFRQGLWLRQV>@7KHVHDFWLRQV
LQFOXGHKXPDQLQWHUYHQWLRQVDQGSURSHUFRPPDQGVGLUHFWO\IHG
WR WKH PDFKLQH WRRO QXPHULFDO FRQWURO LPSURYLQJ WKH
UREXVWQHVVDQGDGDSWDELOLW\RISURFHVVHVDQGV\VWHPV
$FFRUGLQJ WR WKH SURSRVHG FORXG PDQXIDFWXULQJ EDVHG
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PRQLWRULQJIUDPHZRUNWKHFRPSXWLQJDQGVHUYLFHUHVRXUFHVLQ
WKHFORXGDUHFRQQHFWHGWRWKHSK\VLFDOSURGXFWLRQGHYLFHVLH
PDFKLQH WRROV VHQVRU V\VWHPV UHDOLVLQJ D FRPSOH[ F\EHU
SK\VLFDOV\VWHP&36>@
7KHFORXGVHUYHU UHFHLYHV WKHSUHSURFHVVHGVHQVRULDOGDWD
DFTXLUHGE\DPXOWLSOHVHQVRUV\VWHPPRXQWHGRQWKHPDFKLQH
WRRODQGSURYLGHVVHUYLFHVFRQVLVWLQJ LQ WKHGLDJQRVLVRQ WRRO
FRQGLWLRQVUHODWHGWRWKHGHWHFWLRQRIWRROIDLOXUHHYHQWVWKURXJK
DNQRZOHGJHEDVHGDSSURDFKDVZHOODVWRWKHHVWLPDWLRQRIWRRO
OLIHWKURXJKDQHXUDOQHWZRUN11EDVHGFRJQLWLYHSDUDGLJP
XVLQJIHDWXUHVH[WUDFWHGIURPWKHDFTXLUHGVHQVRULDOGDWD>@
7KH GLDJQRVLV RQ WRRO FRQGLWLRQV EHQHILWV IURP WKH FORXG
LQIUDVWUXFWXUH LQ WHUPVRIHQKDQFHGFRPSXWDWLRQDOFDSDELOLW\
ZKLFKLPSURYHVWKHH[HFXWLRQHIILFLHQF\RIWKHGLDJQRVLVDQG
HQDEOHVPRUHUREXVWGHFLVLRQPDNLQJGXHWRODUJHLQIRUPDWLRQ
DQGNQRZOHGJHVKDULQJDYDLODEOHLQWKHFORXG>@
%DVHGRQWKHGLDJQRVLVRQWRROFRQGLWLRQVSURYLGHGE\WKH
FORXGVHUYLFHLWLVSRVVLEOHWRORFDOO\VHOHFWDQGDXWRPDWLFDOO\
DFWLYDWH SURSHU DFWLRQV DW IDFWRU\ OHYHO VXFK DV HPHUJHQF\
SURFHVVKDOWLQJWRROUHSODFHPHQWRUSDUDPHWHUVFKDQJH
&ORXGPDQXIDFWXULQJIUDPHZRUNIRUVPDUWPRQLWRULQJ
RIPDFKLQLQJ
7KH FORXGPDQXIDFWXULQJ IUDPHZRUNGHYHORSHG WR UHDOL]H
RQOLQHVPDUWSURFHVVPRQLWRULQJGXULQJPDFKLQLQJRIGLIILFXOW
WRPDFKLQHPDWHULDOVLVEDVHGRQWKHDUFKLWHFWXUHVKRZQLQ)LJ
 7KH FRPSXWLQJ DQG VHUYLFH UHVRXUFHV LQ WKH FORXG DUH
FRQQHFWHG WR WKH SK\VLFDO UHVRXUFHV PDFKLQH WRRO VHQVRU
V\VWHPUHDOLVLQJDFRPSOH[F\EHUSK\VLFDOV\VWHPZKLFKFDQ
EH GHILQHG DV D ³SK\VLFDO DQG HQJLQHHUHG V\VWHP ZKRVH
RSHUDWLRQV DUH PRQLWRUHG FRRUGLQDWHG FRQWUROOHG DQG
LQWHJUDWHGE\DFRPSXWLQJDQGFRPPXQLFDWLRQFRUH´>@
7KHFORXGPDQXIDFWXULQJDUFKLWHFWXUHLVVWUXFWXUHGLQWKUHH
OD\HUVFRUUHVSRQGLQJWR
x 3K\VLFDOUHVRXUFHV
x /RFDOVHUYHU
x &ORXGVHUYHU
7KLV VWUXFWXUH DOORZV WR VKDUH WKH FRPSXWDWLRQDO HIIRUW
EHWZHHQ GLIIHUHQW UHVRXUFHV ZKLFK FDQ EH JHRJUDSKLFDOO\
GLVWULEXWHGDQGPDQDJHGE\GLYHUVHDFWRUV
7KHSK\VLFDOUHVRXUFHVDQGWKHORFDOVHUYHUDUHERWKLQFOXGHG
LQ WKH )DFWRU\ 1HWZRUN UHSUHVHQWLQJ WKH KDUGZDUH DQG
VRIWZDUHUHVRXUFHVDYDLODEOHZLWKLQWKHSURGXFWLRQV\VWHP2Q
WKHRWKHUKDQGWKHFORXGVHUYLFHLVLQWHUQHWEDVHGDQGFDQEH
SRWHQWLDOO\FRQQHFWHGLQVLGHWKHERXQGDU\RIWKHPDQXIDFWXULQJ
FRPSDQ\ SULYDWH FORXG RU RXWVLGH WKDW ERXQGDU\ SXEOLF
FORXGUHTXLULQJKLJKHUSURWHFWLRQRIGDWD'LIIHUHQWPHWKRGV
FDQEHDGRSWHGWRFRQQHFWPDFKLQHVORFDOVHUYHUDQGSURYLGHU
FORXG DQG WKH\ PXVW EH VHOHFWHG EDVHG RQ VWDELOLW\ VSHHG
GLVWDQFH FRYHUDJH DQG VHFXULW\ :LWKLQ WKH IDFWRU\
HQYLURQPHQW/RFDO$UHD1HWZRUN/$1LVSUHIHUDEOHWR:L
)LDQG%OXHWRRWK
%\H[DPLQLQJWKHWKUHHOD\HUVWUXFWXUHRIWKHSURSRVHGFORXG
PDQXIDFWXULQJDUFKLWHFWXUHDWWKHSK\VLFDOOHYHODPXOWLVHQVRU
V\VWHP HJ EDVHG RQ IRUFH DFRXVWLF HPLVVLRQ DQG YLEUDWLRQ
VHQVRUVLVPRXQWHGRQWKH&1&PDFKLQHWRRO

)LJ$UFKLWHFWXUHRIWKHFORXGEDVHGF\EHUSK\VLFDOV\VWHPIRUVPDUW
PRQLWRULQJRIPDFKLQLQJSURFHVVHV
7KH V\VWHP LV HPSOR\HG WR FROOHFW LQ UHDO WLPH GXULQJ
PDFKLQLQJ PXOWLSOH VHQVRU VLJQDOV WKDW FRQWDLQ UHOHYDQW
LQIRUPDWLRQWRXVHDVLQSXWIRUWKHGLDJQRVLVRQWRROFRQGLWLRQV
7KHFRPSXWLQJWDVNVUHODWHGWRVHQVRUVLJQDOSUHSURFHVVLQJ
DUH DVVLJQHG WR WKH ORFDO VHUYHU 7R VXSSRUW KLJK FRPSXWLQJ
SRZHU WKH ORFDO PDFKLQH ZRUNV DV GDWD EXIIHU DQG SUH
SURFHVVHVWKHGDWDLQWRVWDQGDORQHGDWDSDFNDJHVVHQVRUVLJQDO
VHJPHQWVZKLFKDUHVHQWWRWKHFORXGRYHUWKHQHWZRUN>@
7KH FORXG FRPSXWLQJ FDSDELOLW\ LV HPSOR\HG WR UDSLGO\
SHUIRUPRQOLQHGLDJQRVWLFWDVNVDQGWKHSRWHQWLDOO\KXJHFORXG
GDWDEDVHLVXVHGWRPDLQWDLQDQGVKDUHUHOHYDQWLQIRUPDWLRQDQG
NQRZOHGJHWKDWFDQVXSSRUWIXUWKHUFORXGVHUYLFHV
7KH FORXG VHUYHU UHFHLYHV WKH SUHSURFHVVHG VHQVRU VLJQDO
VHJPHQWVFDUULHVRXWWKHH[WUDFWLRQRIUHOHYDQWVLJQDOIHDWXUHV
DQG SHUIRUPV WKH UHTXLUHG GLDJQRVLV RQ WRRO FRQGLWLRQV
GHWHFWLQJ IDXOWV VXFK DV FDWDVWURSKLF WRRO IDLOXUH WKURXJK D
NQRZOHGJH EDVHG DSSURDFK DV ZHOO DV HVWLPDWLQJ FRQVXPHG
WRROOLIHWKURXJKFRJQLWLYHSDWWHUQUHFRJQLWLRQSDUDGLJPV$IWHU
WKH FRPSXWLQJ WDVN LV FRPSOHWHG WKH FORXG VHQGV EDFN WKH
GLDJQRVWLF RXWSXW WR WKH ORFDO VHUYHU ZKLFK XWLOLVHV WKH
GLDJQRVLVUHVXOWDVLQSXWDQGUHIHUHQFHIRUGHFLVLRQPDNLQJRQ
FRUUHFWLYH DFWLRQV %DVHG RQ WKH FORXG GLDJQRVLV RQ WRRO
FRQGLWLRQV WKH ORFDO VHUYHU PD\ VHOHFW DFWLRQV VXFK DV WRRO
UHSODFHPHQW SURFHVV KDOWLQJRU SDUDPHWHUV FKDQJH DQG VHQG
WKH QHFHVVDU\ FRPPDQGV GLUHFWO\ WR WKH &1& PDFKLQH WRRO
FRQWURO$Q\FRUUHFWLYHDFWLRQLVGLVSOD\HGRQWKHORFDOWHUPLQDO
IRU YLVXDOL]DWLRQ E\ WKH RSHUDWRU DQG SURSHU ZDUQLQJ LV
GLVSOD\HGLQFDVHKXPDQLQWHUYHQWLRQLVUHTXLUHG
3K\VLFDOUHVRXUFHVPXOWLVHQVRUPRQLWRULQJV\VWHP
$W WKH SK\VLFDO OD\HU )LJ  WKH &1& PDFKLQH WRRO
HPSOR\HGWRSHUIRUPWKHPDFKLQLQJSURFHVVPXVWEHHTXLSSHG
ZLWKDPXOWLVHQVRUV\VWHPWRFROOHFWLQUHDOWLPHYDULRXVVHQVRU
VLJQDOVFRQWDLQLQJYDOXDEOHLQIRUPDWLRQRQSURFHVVFRQGLWLRQV
5HOLDEOHVHQVRUPRQLWRULQJRIPDFKLQLQJSURFHVVHVUHTXLUHVWKH
HPSOR\PHQW RI D PXOWLSOH VHQVRU V\VWHP WR RYHUFRPH WKH
OLPLWDWLRQVRIDVLQJOHVHQVRUDQGWRUHDOL]H WKHVHQVRUIXVLRQ
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WHFKQRORJ\ WR LQWHJUDWH LQIRUPDWLRQ IURP VHYHUDO VHQVRUV RI
GLIIHUHQWQDWXUHLQRUGHUWRLPSURYHWKHTXDOLW\DQGUREXVWQHVV
RIWKHSURFHVVFKDUDFWHUL]DWLRQ>@
7KHVHOHFWLRQRIWKHPRVWDGHTXDWHVHQVRUVGHSHQGVRQWKH
VSHFLILFPDFKLQLQJSURFHVVDQGWKHPRQLWRULQJVFRSHWKHPRVW
FRPPRQO\ XWLOL]HG VHQVRUV IRU RQOLQH PHDVXUHPHQW GXULQJ
PDFKLQLQJ LQFOXGH IRUFH WRUTXH SRZHU DFRXVWLF HPLVVLRQ
YLEUDWLRQ DQG WHPSHUDWXUH VHQVRUV 7KH SURSRVHG FORXG
PDQXIDFWXULQJIUDPHZRUNIRUVPDUWPRQLWRULQJRIPDFKLQLQJ
LV EDVHG RQ WKH HPSOR\PHQW RI D PXOWLSOH VHQVRU V\VWHP
FRPSULVLQJDWULD[LDOIRUFHVHQVRUDQDFRXVWLFHPLVVLRQVHQVRU
DQG DYLEUDWLRQ VHQVRUPRXQWHG LQ WKHSUR[LPLW\RI WKH WRRO
ZLWK WKHDLP WRFDSWXUHXVHIXO LQIRUPDWLRQ IRU WRROFRQGLWLRQ
PRQLWRULQJ,Q)LJWKHODWKHPRXQWHGPXOWLSOHVHQVRUV\VWHP
IRUWXUQLQJSURFHVVPRQLWRULQJLVVKRZQ


)LJ0XOWLSOHVHQVRUPRQLWRULQJV\VWHPIRUVPDUWPRQLWRULQJRIWXUQLQJ
SURFHVVHV
/RFDOVHUYHU
7KH ORFDO VHUYHU LQ WKH PLGGOH OD\HU LV LQVWDOOHG DQG
FRQILJXUHG WRFDUU\RXW WKHSUHSURFHVVLQJRI VLJQDOVFRPLQJ
IURP WKHPXOWLSOH VHQVRU V\VWHPDQG VHQG WKHSUHSURFHVVHG
VHQVRUVLJQDOVHJPHQWVWRWKHFORXGVHUYLFH
3UHSURFHVVLQJRIVLJQDOVFRPLQJIURPWKHPXOWLSOHVHQVRU
V\VWHPIRUWRROFRQGLWLRQPRQLWRULQJLQYROYHVVLJQDOILOWHULQJ
DPSOLILFDWLRQ $' FRQYHUVLRQ DQG VHJPHQWDWLRQ 2QO\ WKH
UHOHYDQWSDUWRIWKHVLJQDOVDFTXLUHGGXULQJPDFKLQLQJLVWDNHQ
LQWR IXUWKHU FRQVLGHUDWLRQ UHPRYLQJ DLU FXW RU WUDQVLHQW
FRQGLWLRQV>@
7KHSUHSURFHVVHGDQGVHJPHQWHGVLJQDOVDUHEXIIHUHGE\WKH
ORFDO VHUYHU DQG GHOLYHUHG YLD ,QWHUQHW SURWRFROV WR WKH RQ
GHPDQGZHEEDVHGFORXGVHUYLFHV\VWHPDFFRUGLQJWRWKHQHHGV
RI WKH FORXG VHQVRU PRQLWRULQJ SURFHGXUH 7KH +\SHU 7H[W
7UDQVIHU3URWRFRO+773ZKLFKLVDZLGHVSUHDGSURWRFROIRU
ZHEEDVHGDSSOLFDWLRQVKDVEHHQVHOHFWHGIRUGDWDWUDQVPLVVLRQ
WR WKH FORXG VHUYHU 7KH GDWD EXIIHU OHQJWKPD\ EH GLIIHUHQW
GHSHQGLQJ RQ WKH UHTXLUHPHQWV RI WKH VSHFLILF DOJRULWKP WR
ZKLFKWKHVLJQDOVHJPHQWVDUHLQSXWWHG
:KHQ WKH FORXG VHUYHU FRPSOHWHV WKH GLDJQRVLV RQ WRRO
FRQGLWLRQVDQGIRUZDUGVLWWRWKHORFDOVHUYHUWKHODWWHUVHOHFWV
WKH SURSHU FRUUHFWLYH DFWLRQ WR EH WDNHQ EDVHG RQ WKH FORXG
VHUYHUGLDJQRVLVRXWSXWDVZHOODVRQWKHVSHFLILFDWLRQVDERXW
SURFHVVHVWRROVDQGZRUNPDWHULDOVVWRUHGLQWKHORFDOGDWDEDVH
&RUUHFWLYH DFWLRQV PD\ LQFOXGH SURFHVV KDOWLQJ WRRO
UHSODFHPHQWRUSDUDPHWHUVFKDQJHWKHSURSHUFRPPDQGVXFK
DVSURFHVVKDOWLQJRUSDUDPHWHUVFKDQJHLVGLUHFWO\VHQWIURP
WKH ORFDO VHUYHU WR WKH &1& FRQWURO0RUHRYHU WKH VHOHFWHG
DFWLRQFDQEHYLVXDOL]HGRQWKHORFDOWHUPLQDOWRPDNHWKHXVHU
DZDUHRI WKHFRQWURODFWLRQV WDNHQDXWRPDWLFDOO\E\ WKH ORFDO
VHUYHU ,Q WKH FDVH RI WRRO UHSODFHPHQW WKH ORFDO WHUPLQDO
GLVSOD\V D ZDUQLQJ WR WKH RSHUDWRU ZLWK WKH LQVWUXFWLRQ WR
UHSODFHWKHWRRO
&ORXGVHUYHU
7KHFORXGVHUYHUSURYLGHVIRUNQRZOHGJHEDVHGDOJRULWKPV
DQG FRJQLWLYH SDUDGLJPV DEOH WR PDNH D GLDJQRVLV RQ WRRO
FRQGLWLRQVEDVHGRQWKHDFTXLUHGVHQVRULDOGDWD
7KH GHYHORSHG FORXG PDQXIDFWXULQJ IUDPHZRUN WDNHV
DGYDQWDJHRIWKHFORXGFDSDELOLWLHVE\RXWVRXUFLQJWKHDFWLYLWLHV
IRUDGYDQFHGVLJQDOSURFHVVLQJDQGFRJQLWLYHGHFLVLRQPDNLQJ
7KHFORXGVHUYLFHFRQVLVWVRIIRXUSDUWV7KHILUVWSDUWFDUULHV
RXW DGYDQFHG VLJQDO SURFHVVLQJ RQ WKH SUHSURFHVVHG VHQVRU
VLJQDOVHJPHQWVLQRUGHUWRH[WUDFWDQGVHOHFWUHOHYDQWVHQVRULDO
IHDWXUHVIRUWRROFRQGLWLRQPRQLWRULQJ7KHODWWHUDUHXWLOL]HGLQ
WZRGLIIHUHQWPRGXOHVWKHILUVWPRGXOHLVHPSOR\HGWRGHWHFW
WKHRFFXUUHQFHRIDFDWDVWURSKLF WRROIDLOXUH&7) WKURXJKD
NQRZOHGJH EDVHG DOJRULWKP ZKHUHDV WKH VHFRQG PRGXOH LV
XWLOL]HG WR HVWLPDWH FRQVXPHG WRRO OLIH WKURXJK D QHXUDO
QHWZRUNEDVHGSDWWHUQUHFRJQLWLRQDSSURDFK
,QWKLVZD\WKHFORXGLVDEOHWRSURYLGHRQOLQHGLDJQRVWLF
VHUYLFHV7KHRXWSXWGLDJQRVLVRQWRROFRQGLWLRQVLVVHQWEDFN
WRWKHORFDOVHUYHUZKLFKFDQGHWHUPLQHWKHSURSHUDFWLRQVWREH
WDNHQVXFKDVWRROUHSODFHPHQWSURFHVVSDUDPHWHUVYDULDWLRQ
RUHPHUJHQF\KDOWLQJ
5.1. Feature extraction and selection  
7KHH[WUDFWLRQRIUHOHYDQWIHDWXUHVUHODWHGWRWKHWRRODQGRU
SURFHVV FRQGLWLRQV IURP WKH DFTXLUHG VHQVRU VLJQDOV LV DNH\
LVVXH LQ PDFKLQLQJ PRQLWRULQJ V\VWHPV >@ 6HYHUDO
PHWKRGRORJLHV IRU VHQVRU VLJQDO IHDWXUH H[WUDFWLRQ DUH
DYDLODEOH EDVHG RQ VLJQDO UHSUHVHQWDWLRQV ERWK LQ WKH WLPH
GRPDLQ DQG LQ WKH IUHTXHQF\ GRPDLQ >@ ,Q WKLV FORXG
PDQXIDFWXULQJIUDPHZRUNVHQVRUVLJQDOIHDWXUHVPDLQWDLQLQJ
WKHUHOHYDQWLQIRUPDWLRQDERXWWKHSURFHVVZLOOEHH[WUDFWHGLQ
WKH WLPHGRPDLQ DQG LQ WKH WLPHIUHTXHQF\GRPDLQ IURP WKH
SUHSURFHVVHGVHQVRULDOGDWDFRPLQJIURPWKHORFDOVHUYHU
7KH PHWKRGRORJ\ IRU WKH GLDJQRVLV RQ FDWDVWURSKLF WRRO
IDLOXUHLVEDVHGRQWKHH[WUDFWLRQRIVWDWLVWLFDOIHDWXUHVIURPWKH
VHQVRU VLJQDOV LQ WKH WLPHGRPDLQZKHUHDV WKHPHWKRGRORJ\
IRUWKHGLDJQRVLVRIFRQVXPHGWRROOLIHLVEDVHGRQVHQVRUVLJQDO
IHDWXUHV H[WUDFWHG LQ WKH WLPHIUHTXHQF\ GRPDLQ WKURXJK
:DYHOHW3DFNHW7UDQVIRUP:37>@
)HDWXUH VHOHFWLRQ LV WKHQ FDUULHG RXW WR VHOHFW RQO\ WKH
UHOHYDQWIHDWXUHVWKDWFDQEHFRUUHODWHGWRWKHWRROFRQGLWLRQV
$V D PDWWHU RI IDFW DOWKRXJK D VHQVRU VLJQDO PD\ EH
FKDUDFWHUL]HGE\PDQ\GLYHUVHUHSUHVHQWDWLYHIHDWXUHVQRWDOO
RIWKHPDUHXVHIXOIRUWKHVSHFLILFPRQLWRULQJSXUSRVH>@
0RUHRYHUGLUHFWIXVLRQSDUDGLJPVLHIXVLRQRIVHQVRUGDWD
IURPKHWHURJHQHRXVVHQVRUVDQGRULQGLUHFWIXVLRQSDUDGLJPV
LHXVLQJRWKHULQIRUPDWLRQVRXUFHVVXFKDVPDFKLQHSURFHVV
VSHFLILFDWLRQVDUHDSSOLHG>@
5.2. Knowledge-based CTF detection 
7KH ILUVW PRGXOH IRU WKH GLDJQRVLV RI WRRO FRQGLWLRQV LV
IRFXVHG RQ LGHQWLI\LQJ WKH RFFXUUHQFH RI FDWDVWURSKLF WRRO
IDLOXUH&7)WKURXJKDNQRZOHGJHEDVHGGHWHFWLRQDOJRULWKP
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$&7)LVDQXQSUHGLFWDEOHIUDFWXUHRIWKHFXWWLQJHGJHHJ
WKURXJKEULWWOHIDLOXUHDQGPLJKWFDXVHVXEVWDQWLDOGDPDJHVWR
WKHZRUNSLHFHDQGRU WKHPDFKLQHWRRO7KHUHIRUH WKHDELOLW\
IRURQOLQHGHWHFWLRQRID&7)HYHQWGXULQJPDFKLQLQJDQGWKH
SURPSWKDOWLQJRIWKHSURFHVVDUHHVVHQWLDOWRUHGXFHZRUNSLHFH
VFUDSVDQGPDFKLQHGRZQWLPHZLWKSRVLWLYHHIIHFWVRQSURGXFW
TXDOLW\DQGFRVW
,Q WKH OLWHUDWXUH VRPH PHWKRGRORJLHV WR GHWHFW WKH
RFFXUUHQFH RI &7) KDYH EHHQ SURSRVHG ZLWK SDUWLFXODU
UHIHUHQFH WR WXUQLQJ SURFHVVHV >@ 7KH SURFHGXUH
HPSOR\HGLQWKLVFORXGPDQXIDFWXULQJIUDPHZRUNLVEDVHGRQ
VHQVRUVLJQDODFTXLVLWLRQRIWKHWKUHHFRPSRQHQWVRIWKHFXWWLQJ
IRUFH)[)\)]GXULQJPDFKLQLQJIROORZLQJSUHYLRXVUHVXOWV
UHSRUWHGLQ>@9HU\VPDOOVLJQDOVHJPHQWVFRUUHVSRQGLQJWR
 PV RI PDFKLQLQJ DUH VHTXHQWLDOO\ SURFHVVHG WR H[WUDFW
VHOHFWHGVLJQDO IHDWXUHVHJVLJQDOPHDQYDULDQFHPD[PLQ
UDQJHXVHIXO IRU&7)HYHQW LGHQWLILFDWLRQ WKHVH IHDWXUHVDUH
LQSXWWRDNQRZOHGJHEDVHGDOJRULWKPWKDWFRPSDUHVWKHIHDWXUH
YDOXHVZLWKSUHYLRXVO\VSHFLILHGWKUHVKROGVIRU&7)GHWHFWLRQ
7KH ORJLF VFKHPH RI WKH NQRZOHGJHEDVHG&7) GHWHFWLRQ
SURFHGXUHLVVKRZQLQ)LJ6HQVRUVLJQDODUUD\VFRQWDLQLQJ
 VDPSOLQJV RI HDFK VLJQDO DUH VHTXHQWLDOO\ EXIIHUHG DQG
GHOLYHUHG LQ LQSXW WR WKH &7) GHWHFWLRQ DOJRULWKP IRU D
VDPSOLQJ IUHTXHQF\ RI  N6V WKH  VLJQDO VDPSOLQJV
FRUUHVSRQGWRPVRIFXWWLQJWLPH7KHUHIRUHWKHIUHTXHQF\RI
WKH&7)GLDJQRVLVORRSLVHTXDOWRWLPHVVZKLFKPHDQV
WKDWWKH&7)GHWHFWLRQDOJRULWKPPXVWWDNHDWLPHPV
7KH RXWSXW RI WKH NQRZOHGJHEDVHG &7) GHWHFWLRQ
DOJRULWKPLVD%RROHDQYDULDEOHZKHUHWUXHPHDQVWKDWD&7)
HYHQWLVGHWHFWHG,QWKH³WUXH´FDVHWKH&7)VLJQDOLVIHGWRWKH
ORFDOVHUYHUWKDWVHQGVDQHPHUJHQF\SURFHVVKDOWLQJFRPPDQG
WRWKHPDFKLQHWRROFRQWURO
7KHUHIRUHWKHWLPHEHWZHHQWKH&7)HYHQWDQGWKHDFWXDOIHHG
VWRSRIWKHSURFHVVWWRWLVJLYHQE\WKHVXPRIWKHWLPHIRUVLJQDO
SURFHVVLQJWVSWKHWLPHIRUSURFHVVHGVLJQDOGHOLYHU\WRWKHFORXG
VHUYHUWFVWKHWLPHIRUWKH&7)GHWHFWLRQGLDJQRVLVWGGWKHWLPH
WRWUDQVPLWWKH&7)DOHUWVLJQDOIURPWKHFORXGVHUYHUWRWKHORFDO
VHUYHUWOVWKHWLPHWRGHOLYHUDQHPHUJHQF\VWRSFRPPDQGWRWKH
PDFKLQHWRROFRQWUROWHVWKHWLPHUHTXLUHGWRVWRSWKHIHHGGULYH
WIGZKLFKGHSHQGVRQWKHPDFKLQHWRROKDUGZDUHDQGVRIWZDUH

ݐ௧௢௧ ൌ ݐ௦௣ ൅ ݐ௖௦ ൅ ݐௗௗ ൅ ݐ௟௦ ൅ ݐ௘௦ ൅ ݐ௙ௗ   

ZKHUH
WVSHTXDOWRPV
WGGPD[GXUDWLRQPV
WHVORFDOFRPPXQLFDWLRQPV
WIGFDQEHDVVXPHGDSSUR[LPDWHO\HTXDOWRPVGHSHQGLQJRQ
WKHPDFKLQHWRROUHDFWLRQWLPH
WFVDQGWOVJLYHQE\WKHLQWHUQHWVLJQDOGDWDWUDQVPLVVLRQGHOD\LH
WKH ODWHQF\ WLPHZKLFK LV YDULDEOH LQ WKH UDQJH PV  PV
GHSHQGLQJRQWKHGHYLFHDQGWKHSURWRFROXVHGIRUFRQQHFWLRQDV
ZHOODVWKHGLVWDQFHWREHWUDYHOOHG>@
7KHLQWHUQHWEDQGZLGWKDYDLODEOHLQFRQWHPSRUDU\VKRSIORRUV
GRHV QRW \HW DOORZ IRU ODWHQF\ WLPHV DV ORZ DV PV+RZHYHU
VLJQLILFDQW HIIRUWV DUH PDGH WRGD\ WR DFKLHYH KLJK VSHHG
FRPPXQLFDWLRQZLWK H[WUHPHO\ ORZ ODWHQF\ WLPHV ORZHU WKDQ
PV DWWDLQLQJ WKH VRFDOOHG 7DFWLOH ,QWHUQHW >@ 8QGHU WKHVH
FRQGLWLRQVWWRWFDQEHUHGXFHGWRDVORZDVPVRUORZHU>@
7KH GHVFULEHG PHWKRGRORJ\ DOORZV WR UHDOLVH D SURPSW
LGHQWLILFDWLRQRI&7)RFFXUUHQFHGXULQJPDFKLQLQJDQGLIWKH
IDFWRU\LQIUDVWUXFWXUHLVVXIILFLHQWO\IDVWDTXLFNUHDFWLRQRIWKH
V\VWHPWKDWLPPHGLDWHO\VWRSVWKHPDFKLQLQJSURFHVV

)LJ2QOLQHNQRZOHGJHEDVHG&7)GHWHFWLRQGXULQJPDFKLQLQJ
5.3. Neural network based tool wear pattern recognition  
7KH VHFRQG FORXG VHUYLFH PRGXOH LV GHGLFDWHG WR WKH
GLDJQRVLV RQ FRQVXPHG WRRO OLIH WKURXJK DQ DUWLILFLDO QHXUDO
QHWZRUN11EDVHGSDWWHUQUHFRJQLWLRQSURFHGXUH
7KHNQRZOHGJHEDVHG11SDUDGLJPUHTXLUHVWKHFUHDWLRQRI
D FRPSUHKHQVLYH WUDLQLQJ VHW WKURXJK D SUHOLPLQDU\
H[SHULPHQWDO FDPSDLJQ 7KH WUDLQLQJ VHW IRU 11 PDFKLQH
OHDUQLQJ FRQVLVWV RI FRXSOHV RI LQSXW IHDWXUH YHFWRUV DQG
FRUUHVSRQGLQJRXWSXWTXDOLW\SDUDPHWHUYDOXHV7KHHOHPHQWV
RIHDFKLQSXWIHDWXUHYHFWRUDUHJLYHQE\WKHIHDWXUHVH[WUDFWHG
IURPWKHVHQVRUVLJQDOVLQWKHWLPHIUHTXHQF\GRPDLQDQGWKH
RXWSXWTXDOLW\SDUDPHWHUYDOXHLVWKHFRUUHVSRQGLQJWRROIODQN
ZHDUOHYHO%\VHWWLQJDPD[LPXPDFFHSWDEOHIODQNZHDUOHYHO
HJ9% PPDVWKHFULWHULRQIRUHQGRIWRROOLIHWKHWRRO
IODQNZHDUOHYHOFDQEHH[SUHVVHGDVSHUFHQWDJHRIFRQVXPHG
WRROOLIHFRUUHVSRQGVWRHQGRIWRROOLIH
7KH SURSRVHG 11 DUFKLWHFWXUH LV FKDUDFWHULVHG E\ WKUHH
OD\HUVWKHLQSXWOD\HUZLWKDQXPEHURILQSXWQRGHVHTXDOWR
WKHQXPEHURIVHOHFWHGVHQVRUIHDWXUHVWKHKLGGHQOD\HUZLWKD
QXPEHURIKLGGHQQRGHVUHODWHGWRWKHQXPEHURILQSXWQRGHV
WKH RXWSXW OD\HU FRQWDLQLQJ RQO\ RQH QRGH SURYLGLQJ WKH
SHUFHQWDJHRIFRQVXPHGWRROOLIH
7KH /HYHQEHUJ0DUTXDUGW WUDLQHG DQG WHVWHG 11 LV
HPSOR\HG E\ WKH FORXG PDQXIDFWXULQJ VHUYHU WR SURYLGH D
GLDJQRVLVRXWSXWLQWHUPVRIHVWLPDWHGSHUFHQWDJHRIFRQVXPHG
WRRO OLIH EDVHG RQ WKH LQSXW FKDUDFWHULVWLF IHDWXUHV H[WUDFWHG
IURPWKHDFTXLUHGVHQVRUPRQLWRULQJVLJQDOV
)LJXUH  GHVFULEHV WKH 11 EDVHG FRQVXPHG WRRO OLIH
GLDJQRVLV SURFHGXUH 7KH ODWWHU LV EDVHG RQ VHQVRU VLJQDO
DFTXLVLWLRQRIWKHWKUHHFRPSRQHQWVRIWKHFXWWLQJIRUFH)[)\
)] WKH DFRXVWLF HPLVVLRQ 506 $(506 DQG WKH YLEUDWLRQ
GXULQJPDFKLQLQJ
6HQVRUVLJQDOVHJPHQWVFRUUHVSRQGLQJWRVRIPDFKLQLQJ
WLPHDUHVHTXHQWLDOO\EXIIHUHGDWWKHORFDOOHYHODQGGHOLYHUHG
WR WKH FORXG IRU WKH H[WUDFWLRQ RI UHOHYDQW VLJQDO IHDWXUHV
)HDWXUHV H[WUDFWLRQ DQG VHOHFWLRQ LV SHUIRUPHG E\ WKH FORXG
VHUYHU LQ WKH WLPHIUHTXHQF\ GRPDLQ YLD WKH:DYHOHW 3DFNHW
7UDQVIRUP:37PHWKRG>@
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
)LJ11EDVHGFRQVXPHGWRROOLIHGLDJQRVLVSURFHGXUH
7KHH[WUDFWHGIHDWXUHVDUHIHGDVLQSXWWRWKH11SDUDGLJP
IRUWRROOLIHSDWWHUQUHFRJQLWLRQWRJHWKHUZLWKWKHVSHFLILFDWLRQV
RQ PDFKLQLQJ SURFHVV WRRO DQG ZRUNSLHFH PDWHULDO FRPLQJ
IURPWKHORFDOVHUYHU
7KHVHVSHFLILFDWLRQVDOORZWRLGHQWLI\WKHFRUUHFW11WUDLQHG
ZLWKWKHDSSURSULDWHVHWRIVHQVRULDOIHDWXUHVDQGUHODWHGRXWSXW
TXDOLW\ YDOXHV :KHQ PDFKLQLQJ VWDUWV WKH UHOHYDQW 11 LV
LGHQWLILHGDQGWKHVHQVRUVLJQDOGDWDDFTXLVLWLRQFRPPHQFHV
7KHIUHTXHQF\RIWKHWRROOLIHGLDJQRVLVORRSLVHTXDOWR
WLPHVHFRQG ZKLFK PHDQV WKDW WKH 11 WRRO OLIH SDWWHUQ
UHFRJQLWLRQSDUDGLJPPXVWWDNHDWLPHV
7KH RXWSXW RI WKH 11 WRRO OLIH GLDJQRVLV SDUDGLJP LV D
SHUFHQWDJH YDOXH UHSUHVHQWLQJ WKH HVWLPDWHG SRUWLRQ RI
FRQVXPHGWRROOLIH,IWKLVYDOXHLVWKHVXEVHTXHQWV
VLJQDOVHJPHQWLVSURFHVVHGDQGWKH11ORRSLVUHSHDWHG)RU
HDFK  V RI PDFKLQLQJ WKH H[WUDFWHG VHQVRULDO IHDWXUHV DUH
FRXSOHGZLWKWKHHVWLPDWHGFRQVXPHGWRROOLIHREWDLQHGE\WKH
11DQGWKHVHGDWDDUHVWRUHGVHTXHQWLDOO\LQDEXIIHU
7KLVSURFHVVLVUHSHDWHGWLOOWKHHVWLPDWHGFRQVXPHGWRROOLIH
UHDFKHV  LHZKHQ WKHPD[LPXPDFFHSWDEOH WRROZHDU
OHYHO LV UHDFKHG DQG WKH WRRO PXVW EH UHSODFHG :KHQ WKLV
FRQGLWLRQ LV DWWDLQHG WKHGLDJQRVLV RXWSXW LV IHG WR WKH ORFDO
VHUYHU ZKLFK VHQGV DQ HPHUJHQF\ KDOWLQJ FRPPDQG WR WKH
&1& FRQWURO LQ RUGHU WR LQWHUUXSW WKH PDFKLQLQJ SURFHVV
0RUHRYHUWKHORFDOVHUYHUVHQGVDQDODUPWRWKHORFDOWHUPLQDO
ZKHUHWKHRSHUDWRUFDQYLVXDOL]HDZDUQLQJZLWKWKHLQGLFDWLRQ
WKDWWKHWKUHVKROGRIFRQVXPHGWRROOLIHKDVEHHQUHDFKHG
DQGWKHDGYLFHWRUHSODFHWKHWRRO
0HDQZKLOH WKH LQLWLDO GDWDVHW XVHG IRU WUDLQLQJ WKH LQLWLDO
11LVPRGLILHG7KHQHZWRROOLIHVHWLVDGGHGWRWKHGDWDVHWIRU
11UHWUDLQLQJXVLQJ WKHH[SDQGHG WUDLQLQJVHW+RZHYHU WKH
QHZ WRRO OLIH VHW DGGLWLRQ LV FRQGLWLRQHG E\ WKHPHWURORJLFDO
YHULILFDWLRQWKDWWKHILQDOIODQNZHDUYDOXHRIWKHWRROLVLQDFWXDO
DJUHHPHQW ZLWK WKH SUHGLFWHG YDOXH ZLWKLQ DQ DFFHSWDEOH
WROHUDQFHUDQJH
7KHWLPHEHWZHHQWKHDWWDLQPHQWRIWKHFRQVXPHGWRRO
OLIHDQGWKHDFWXDOIHHGVWRSLQWKHSURFHVVWWRWLVORQJHUWKDQLQ
WKH &7) GHWHFWLRQ FDVH DQG FDQ EH HVWLPDWHG DURXQG  V
EHFDXVHWKHWRROOLIHGLDJQRVLVORRSZRUNVRQVLJQDOVHJPHQWV
RIVGXUDWLRQ+RZHYHUWKLVKLJKHUYDOXHRIWWRWLVVWLOODPSO\
DFFHSWDEOH WR VWRS WKH SURFHVV IRU WRRO UHSODFHPHQW ZLWKRXW
DFWXDOULVNIRUWKHZRUNSLHFHTXDOLW\DQGLQWHJULW\
/RFDOWHUPLQDO
7KHORFDOWHUPLQDOSURYLGHVDQLQWHUIDFHWRWKHORFDOXVHUWR
PRQLWRU WKH PDFKLQLQJ SURFHVV VWDWXV GLVSOD\LQJ WKH FORXG
GLDJQRVLV UHVXOWV WKH FRQWURO DFWLRQV DFWLYDWHG E\ WKH ORFDO
VHUYHUDQGWKHSURSHUDOHUWZKHQKXPDQLQWHUYHQWLRQLVQHHGHG
VXFKDVLQWKHFDVHRIWRROUHSODFHPHQW
7KHORFDOLQWHUIDFHVKRZVWKHIROORZLQJLQIRUPDWLRQ
x 0DFKLQH7RRO,'RIWKHPDFKLQHWRRORQZKLFKWKHVHQVRU
V\VWHPLVLQVWDOOHG
x :RUNSLHFH,'RIWKHZRUNSLHFHXQGHUPDFKLQLQJ
x 0DFKLQLQJSDUDPHWHUVFXWWLQJVSHHGIHHGUDWHGHSWKRIFXW
x 7RRO,'RIWRROXVHGIRUPDFKLQLQJ
x 6WDWXVJUDSKLOOXVWUDWLQJFKDQJHVLQSURFHVVVWDWHRQRIIRI
ZRUNLQJIHHGGHWHFWHGFXWWLQJSURFHVVDQG&7)DODUPV
x 6LJQDO,'RIWKHVHOHFWHGVHQVRUVLJQDOHJ [D[LVIRUFH
FRPSRQHQW \D[LVIRUFHFRPSRQHQWHWF
x 'LDJQRVWLFVLJQDOJUDSKYLVXDOLVLQJWKHVHOHFWHGVLJQDO
x 7RRO &RQGLWLRQ 0RQLWRULQJ 7&0 5HVXOWV  RSHUDWLRQ
QXPEHUWRRO,'HVWLPDWHGFRQVXPHGWRROOLIHLQSHUFHQW
x 6HOHFWHGFRQWURODFWLRQ±SURFHVVKDOWLQJWRROUHSODFHPHQW
UHTXLVLWHSDUDPHWHUVFKDQJH
7KHWRROFRQGLWLRQPRQLWRULQJUHVXOWVDUHGLVSOD\HGLQWZR
ZD\V&7)GHWHFWLRQ LV LOOXVWUDWHG LQ WKH VWDWXVGLDJUDP UHG
OLQH ZKHUHDV WKH VXEVHTXHQW LQGLFDWLRQV RI HVWLPDWHG
FRQVXPHG WRRO OLIH LQ DUH VKRZQ LQ WKH 7RRO &RQGLWLRQ
0RQLWRULQJ 7&0 5HVXOWV DUUD\ WRJHWKHU ZLWK RSHUDWLRQ
QXPEHUVDQGWRROQXPEHUV)LJ


)LJ0DFKLQLQJVWDWXVPRQLWRURQWKHORFDOWHUPLQDO
&RQFOXVLRQV
$FORXGPDQXIDFWXULQJIUDPHZRUNIRURQOLQHVPDUWSURFHVV
PRQLWRULQJKDVEHHQGHYHORSHGZLWKWKHDLPRISHUIRUPLQJWRRO
FRQGLWLRQPRQLWRULQJGXULQJPDFKLQLQJRIGLIILFXOWWRPDFKLQH
PDWHULDOV7KHPDMRUDGYDQWDJHRIWKHFORXGEDVHGIUDPHZRUN
LV WKH HQKDQFHG FRPSXWDWLRQ DQG GDWD VWRUDJH FDSDELOLW\
UHVXOWLQJ IURP WKH DYDLODELOLW\ RI GLVWULEXWHG UHVRXUFHV
LPSURYLQJWKHH[HFXWLRQHIILFLHQF\RIWRROFRQGLWLRQGLDJQRVLV
DQG HQDEOLQJ PRUH UREXVW GHFLVLRQPDNLQJ H[SORLWLQJ ODUJH
LQIRUPDWLRQDQGNQRZOHGJHVKDULQJ
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'LDJQRVLV RQ FRQVXPHG WRRO OLIH DQG WRRO EUHDNDJH
RFFXUUHQFHDUHRIIHUHGDVFORXGVHUYLFHVXVLQJDQDUFKLWHFWXUH
ZKHUH WKH FRPSXWLQJ DQG VHUYLFH UHVRXUFHV LQ WKH FORXG DUH
FRQQHFWHG WR WKH PDFKLQH WRRO UHDOLVLQJ D FRPSOH[ F\EHU
SK\VLFDOV\VWHP
7KH FORXG PDQXIDFWXULQJ VHUYHU RIIHUV D SURPSW RQOLQH
GLDJQRVLVRQWRROFRQGLWLRQVEDVHGRQVHQVRULDOGDWDDFTXLUHG
DWWKHIDFWRU\OHYHOWKURXJKNQRZOHGJHEDVHGDOJRULWKPVDQG
FRJQLWLYH SDWWHUQ UHFRJQLWLRQ SDUDGLJPV2Q WKH EDVLV RI WKH
FORXGGLDJQRVLVWKHORFDOVHUYHUDFWLYDWHVWKHSURSHUFRUUHFWLYH
DFWLRQWREHWDNHQVXFKDVWRROUHSODFHPHQWSURFHVVKDOWLQJRU
SDUDPHWHUVFKDQJHVHQGLQJWKHULJKWFRPPDQGWRWKHPDFKLQH
WRROFRQWURO
7KH FORXG VHUYHU SHUIRUPV WKH FDWDVWURSKLF WRRO IDLOXUH
GLDJQRVLVORRSHYHU\PVDQGWKHFRQVXPHGWRROOLIHGLDJQRVLV
ORRSHYHU\V7KLVDOORZVIRUDTXLFNUHDFWLRQRIWKHV\VWHPWR
LPPHGLDWHO\KDOWWKHPDFKLQLQJSURFHVV7KHWLPHEHWZHHQWKH
&7) HYHQW DQG WKH DFWXDO IHHG VWRS LQ WKH SURFHVV KDV EHHQ
HVWLPDWHG WREHDV ORZDVPVZKHUHDV WKH WLPHEHWZHHQ WKH
DFKLHYHPHQWRIFRQVXPHGWRROOLIHDQGWKHDFWXDOIHHGVWRS
LQWKHSURFHVVKDVEHHQHVWLPDWHGDURXQGV7KHVHWLPHVFDQEH
IXUWKHU UHGXFHGZLWK WKHDYDLODELOLW\RISURSHU LQIUDVWUXFWXUHV
DQGWKHGHYHORSPHQWRIQHZGDWDFRPPXQLFDWLRQPHWKRGV
7KH FORXGPDQXIDFWXULQJ IUDPHZRUNZLWK GLVWULEXWHG DQG
SDUDOOHO FRPSXWLQJ UHVRXUFHV FDQ VLJQLILFDQWO\ LPSURYH WKH
FRPSXWDWLRQDOHIILFLHQF\XVHIXO WRUHDOL]HUHDOWLPHFRQGLWLRQ
PRQLWRULQJ ,Q IXWXUH GHYHORSPHQWV WKH FORXG PRQLWRULQJ
VHUYLFHFRXOGEHH[WHQGHGWRVHYHUDOPDFKLQHVDQGPDFKLQLQJ
SURFHVVHV DOORZLQJ WR UHSUHVHQW WKH VWDWXV RI WKH HQWLUH
PDQXIDFWXULQJV\VWHPZKHUHF\EHUSK\VLFDOV\VWHPVPRQLWRU
SK\VLFDOSURFHVVHVDVZHOODVFRPPXQLFDWHDQGFRRSHUDWHZLWK
HDFKRWKHU0RUHRYHUWKHFORXGPDQXIDFWXULQJSDUDGLJPPD\
DOORZ WR GHYHORS SRUWDEOH PDFKLQLQJ SURFHVV PRQLWRULQJ
VHUYLFHVHDVLO\DFFHVVLEOHDQGFRQILJXUDEOHWKURXJK,QWHUQHW
$FNQRZOHGJHPHQWV
7KHUHVHDUFKUHVXOWVSUHVHQWHGLQWKLVSDSHUDUHEDVHGRQWKH
DFWLYLWLHVFDUULHGRXWLQWKHIUDPHZRUNRIWKH)360(
SURMHFW 5($/,60 ³5HDO7LPH ,Q6LWX 0RQLWRULQJ RI 7RRO
:HDULQ3UHFLVLRQ(QJLQHHULQJ$SSOLFDWLRQV´
7KH )UDXQKRIHU -RLQW /DERUDWRU\ RI ([FHOOHQFH RQ
$GYDQFHG 3URGXFWLRQ 7HFKQRORJ\ )K-B/($37 1DSOHV DW
WKH 'HSDUWPHQW RI &KHPLFDO 0DWHULDOV DQG ,QGXVWULDO
3URGXFWLRQ(QJLQHHULQJ8QLYHUVLW\RI1DSOHV)HGHULFR ,, LV
JUDWHIXOO\DFNQRZOHGJHGIRULWVFRQWULEXWLRQDQGVXSSRUWWRWKLV
UHVHDUFKDFWLYLW\
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